Objectives Investigate cognitive, educational, and perceptual motor skills up to 2 years posttransplant of pediatric hematopoietic progenitor cell transplantation (HPCT) survivors and their correlates. Methods Survivors were assessed at baseline, 12, and 24 months after transplant. Results Performance IQ improved over time and was negatively related to maternal depression. Full IQ and educational outcomes were positively related to child's age and mother's age. Low depression scores were associated with high Verbal IQ one and 2 years post-HPCT, and with high visual motor scores 2 years post-HPCT. Poor educational outcomes were related to increased time since diagnosis. Two years post-HPCT, Performance IQ and Processing Speed were above the norm values whereas arithmetic and motor scores were below. Conclusions Pediatric HPCT survivors do better cognitively than educationally. Maternal age and depression, child's age, and time since diagnosis are critical factors for these outcomes.
Greenberg, Rutka, & Mabbott, 2004) . Conditioning protocols for pediatric HPCT may also have detrimental effects on cognitive outcomes. These protocols vary with diagnoses, but can involve intrathecal chemotherapy and total body radiation (TBR) ranging from a single dose (300 cGy) on the day of transplant, to several doses (i.e., fractionated) totaling 1,200 cGy (or more). Prior to HPCT, children treated for ALL who received CRT, had lower IQ scores than children who were not treated with CRT (Cool, 1996) .
After the HPCT procedure, some neurocognitive deficits have been reported in retrospective and prospective studies. Early retrospective studies examining cognitive and academic outcomes over a long posttransplant interval found cognitive deficits in children who had received CRT at a younger age (McGuire et al., 1991; Smedler et al., 1995) that appeared to increase with time (Smedler et al., 1995) . The few prospective studies available report little if any general negative impact of HPCT treatment on cognition (Phipps et al., 1995) , with the exception of CRT effects (Cool, 1996; Kramer et al., 1997) . In the most recent prospective study examining cognitive, perceptual motor, and academic performance, no significant changes on global measures of IQ, perceptual motor, and academic ability were found from pre-transplant to 1 year post-HPCT or from 1 to 3 years post-HPCT. In addition, no relationship between TBR and IQ was found (Phipps et al., 2000) . As previously reported (Cool, 1996; Kramer et al., 1997; McGuire et al., 1991) , younger children at HPCT showed more IQ decline compared to older children. In these studies specific cognitive indices were not examined, likely because the complete set of IQ subtests were not administered, and familial factors were not investigated. Thus, the current literature suggests that cognitive, educational, and perceptual motor outcomes of survivors are within the normal range, with the possible exception of the outcomes of younger children. Less is understood about the mechanisms for these outcomes.
This study used the same conceptual model as in earlier studies of children who were diagnosed with cancer (Barrera et al., 2003) and their parents (Barrera, D'Agostino, Gibson, Weksberg, & Malkin, 2004) to examine the potential mechanism for cognitive, educational, and perceptual motor outcomes. Also, as in our previous work, we integrated Baron and Kenny's (1986) and Holmbeck's (1997) conceptualizations of mediators and moderators into the model of the relationship between the outcomes and their covariates. Briefly, this model postulates that the outcomes of childhood cancer, and in this case of HPCT, are a function of the child's characteristics and development and familial factors as they interact with illness and treatment factors. Examining some of the familial factors, in an earlier study, we found that at 6 months post-HPCT, children's quality of life scores were strongly correlated with pre-HPCT level of family cohesion (Barrera, Pringle, Sumbler, & Saunders, 2000) . Evidence from the general population suggests that maternal age and depression may be associated with young children's cognitive development; with children of younger mothers or mothers with clinical depression obtaining lower IQ scores (Culp, Culp, Osofsky, & Osofsky, 1991; Fergusson & Woodward, 1999; Hay et al., 2001; Hubbs-Tait, Culp, Culp, & Miller, 2002; Keown, Woodward, & Field, 2001) .
In this longitudinal study, we examined global and specific cognitive functioning of HPCT survivors at pre-HPCT, 1and 2 years post-HPCT, as well as their educational and perceptual motor outcomes at 2 years post-HPCT. Global IQ and specific cognitive outcomes, educational and perceptual motor outcomes were the focus of this investigation because the existing findings on these outcomes are still inconsistent across studies. We also examined the relationships between some clinical factors (history of CRT, diagnosis, and time since diagnosis), child's characteristics (age at HPCT, gender), and familial factors (mother's age, education, and distress, family cohesion) and these outcomes. We hypothesized that:
(1a) Cognitive, educational, and perceptual motor outcomes will be within the normal range and (1b) cognitive outcomes of HPCT survivors will not change significantly over time. These predictions are based on previous literature with this population. Based on the conceptual model described earlier and previous literature, we predicted variations in the outcomes depending on clinical variables, child and family factors and the relationship between these factors.
Clinical variables. (2a) Based on Cool's (1996) and Kramer et al.'s (1997) findings, children who received both CRT and TBR will obtain lower cognitive scores compared to children who had no history of cranial radiation; (2b) Children who had been treated for longer periods of time before the HPCT will show poorer cognitive, educational, and motor outcomes. This prediction is based on the well-established fact that experiencing long periods of medical treatment will cause disruption in their lives and in their development.
Child characteristics and family factors and their relationships. (3a) Younger children at HPCT will obtain the lowest scores across assessment times (for cognitive outcomes) or at 2 years post-HPCT (for educational and perceptual motor outcomes), given the fact that they had less opportunities for development and learning prior to the procedure; (3b) Children who had older mothers at HPCT will obtain higher scores across all assessment times for cognitive outcomes or at 2 years post-HPCT for educational and perceptual motor outcomes; also children whose mothers had high depression scores across time will obtain lower cognitive, educational, and motor scores; and family cohesion will have a positive effect on the cognitive, educational, and motor outcomes. These predictions are based on the evidence from the general population regarding the effect of maternal age (Culp et al., 1991) and depression (Hay et al., 2001 ) on children's IQ scores and our preliminary findings on family cohesion. (3c) If there is an effect of mother's age as well as an effect of child's age on the outcomes, we further predicted that maternal age at HPCT will mediate the effect of child's age at HPCT, so that children of older mothers at pre-HPCT will obtain better scores regardless of their own age at pre-HPCT. (3d) Finally, if there is an effect of time on the cognitive outcomes, we predicted that this effect will be moderated by maternal depression scores. This hypothesis is based on the assumption that when the child's health is significantly compromised, as is the case with the children in this study, particularly at pre-HPCT, parents are likely to experience high distress. However, parental distress is less likely to have an effect on the child's cognitive performance when the child's health is the most compromised (pre-HPCT) than when the child's health has improved, as we assume will be the case at 1 and 2 years post-HPCT.
Method

Participants and Recruitment
We approached 133 families who had a child between the ages of 3 and 17 years, eligible for a blood transplant; 120 (90.3%) of whom agreed to participate. Of these, 17 (15%) were unable to participate due to scheduling conflicts or because of a sudden change in health status of the ill child. Of the remaining 103 consenting families, 83 children and their parents were able to complete measures at pre-HPCT. Sample size was reduced significantly by 1 year post-HPCT due to mortality and poor health. Thus, at 1 and 2 years post-HPCT 49 and 48 survivors participated, respectively. This attrition rate is not uncommon in studies with HPCT survivors (Harder, Duivenvoorden, Van Gool, Cornelissen, & Van den Bent, 2006) . Table I presents clinical and demographic characteristics of all consenting families. Briefly, participating children's mean age was 8.9 years (SD ¼ 4.2). The majority of children were diagnosed with ALL or other leukemia types (i.e., acute myelogenous leukemia, chronic myelogenous leukemia). Sixty-eight percent of the children were scheduled for an allergenic transplant. The mean time since diagnosis was 19.9 months (SD ¼ 19.5). Most children came from a two-parent Caucasian family and a middle-class socio-economic background (Hollingshead, 1975) .
Procedure
After approval from the Research Ethics Board was obtained, an invitation letter was sent to all potential participants describing the study and inviting them to participate. Informed consent and assent were obtained at the initial assessment, with the majority of families (57%) completing consent and the initial assessment within 1 week prior to the transplant. A research assistant explained instructions to parents (and the child when appropriate) for questionnaire completion, and administered the standardized tests to the child under the supervision of the first author, a registered psychologist.
The primary caregiver for each child (the mother in every case) completed questionnaires about the child.
Outcome Measures
General Intelligence was measured using the Wechsler Preschool and Primary Scale of Intelligence-Revised (WPPSI-R) for children 3-5 years of age (n ¼ 27 at HPCT) (Wechsler, 1989) , the Wechsler Intelligence Scale for Children Third Edition (WISC-III), for children 6-15 years of age (for the majority of the sample, n ¼ 47 at HPCT) (Wechsler, 1991) , and the Wechsler Adult Intelligence Scale-Revised (WAIS-R) for adolescents 16 years and older at diagnosis (n ¼ 9 at HPCT) (Wechsler, 1981) . Five children were tested with the WPPSI-R at pre-HPCT and with the WISC-III at 1 and 2 years post-HPCT. None of the children tested with the WISC-III at pre-HPCT were old enough to be tested subsequently with the WAIS-R. The Wechsler scales are well-normed, producing IQ estimates labeled Verbal (VIQ; which includes Information, Similarities, Arithmetic, Vocabulary, and Comprehension subtests), Performance (PIQ; which includes Picture Completion, Coding, Picture arrangement, Block Design, and Object Assembly), and Full Scale (FIQ). Using the WISC III subtests, including two supplementary subtests, Digit Span, and Symbol Search, we derived specific factor-based cognitive indices: Freedom from Distractibility (FD; which includes Arithmetic and Digit Span) and Processing Speed (PS; which includes Coding and Symbol Search). The two other indices, Verbal Comprehension and Perceptual Organization, were not used because they test basically the same constructs as VIQ and PIQ, respectively. Average reliability estimates for the IQ measures range from .91 to .96. The Wide Range Achievement Test (WRAT3) (Wilkinson, 1993) assesses educational achievement: reading, spelling, and arithmetic skills. Reliability estimates range from .92 to .95. Participants also completed the Developmental Test of Visual Motor Integration (VMI-4), a measure that assesses visual-motor skills in children 3-18 years of age (Beery, 1997) . Overall reliabilities for this measure are .92 for the total VMI, .91 for the Visual test, and .89 for the Motor test. Although these scales have been revised since we started the first cohort of this study over 7 years ago, we continued to use the older versions to maintain consistency on the scores.
Measures of Related Factors
Family Adaptability and Cohesion Evaluation Scale (FACES-III, Olson, Portner, & Lavee, 1985) and the Beck Depression Inventory (BDI, Beck, 1978) were used as the measures of family cohesion and maternal distress, respectively. These measures were chosen because they are brief and widely used in families with childhood chronic illness or cancer and could be completed by a parent with minimal burden. FACES-III is a 20-item scale with two dimensions of family relations: adaptation and cohesion. Test-retest reliability over a 4 to 5-week period was r ¼ .80 for adaptability, and r ¼ .83 for cohesion, with high discriminative validity (Elliott, Ozolins, Olson, & Pruitt, 1985) . In this study, the cohesion score was used as a measure of family functioning. The BDI is a self-administered 21-item questionnaire designed to measure depressive symptomatology. The BDI has been found to be highly sensitive in measuring change in depressive symptoms and severity (Katz, Katz, & Shaw, 1993) . Concurrent validity of the BDI with most other self-report measures of depression has been consistently high (Katz et al., 1993) . Both measures were completed by the mother.
Clinical and Demographic Factors
The child's disease and treatment information was obtained from the medical chart and confirmed by parental report. The clinical variables considered in this study were: diagnosis type (ALL, other leukemias, neuroblastoma, other tumors, and hematological disorders); time since diagnosis (less than 6 months, between 6 months to 1 year, and more than 1 year); history of radiation treatment (no radiation, TBR only and combined CRT and TBR) and radiation group (<300 cGy or >1,200 cGy). The personal factors included in this study were: child's age at transplant, gender, presence or absence of siblings, and birth order (oldest, youngest, only child). Mother's age and education were also considered, with the latter as an index of socio-economic status.
Statistic Analyses
The statistical software SAS version 9.1 (SAS Institute Inc. Cary, NC) was used for the statistical analysis. Descriptive statistics, frequency distributions, and percentages were calculated for the outcome variables and covariates of interest. T-tests of independent samples were calculated to compare the cognitive outcomes at pre-HPCT of the participants who continued in the study with those who did not. As well, each outcome measure was compared to the normative value at each assessment period (Hypothesis 1b) using one sample Z-tests, based on the fact that the population standard deviation was available from the normative values. Initial repeated measures ANOVAs were calculated using Global IQ scores (FIQ, VIQ, and PIQ) of participants who had complete data at every assessment. Given that almost half of the participants were too sick or not available for testing at some assessments or had died prior to the 1 year post-HPCT assessment, this analysis had a reduced sample size and did not represent the population of children who undergo the procedure. Thus, subsequent analyses were conducted using a mixed linear regression model, a multivariable regression model that allows for repeated measures, optimum use of all available data at each assessment time, and accounts for collinearity (Hypotheses 1a, 2a, b, and 3a, b) . Bivariate analyses were conducted for the cognitive outcomes (FIQ, VIQ, PIQ and FD, PS) at each assessment time, and reading, spelling, arithmetic scores, and VMI scores at 2 years post-HPCT, with disease and treatment variables (history of cranial radiation and radiation group, diagnosis, type of transplant, time since diagnosis), personal and familial variables (child's age, gender, mother's age, depression scores and education, and family cohesion), in order to reduce the number of variables selected to be entered into subsequent mixed multivariable linear regression analyses.
In addition, to avoid collinearity, a pair-wise assessment of associations between predictors was examined. That is, chi-squared tests within categorical predictors, analysis of variance (ANOVA) for continuous and categorical, and correlation analyses for continuous variables were conducted. Variables found to have high potential collinearity were not included together in a multivariable model. In the cases of highly significant associations, a predictor was chosen based on its conceptual importance. Covariates significant at the 20% level in the bivariate analyses were included in the full multivariable linear mixed model. Because SES was highly correlated with maternal education, we used mother's education as a more reliable index of SES. Having siblings had no correlation with any of the outcome variables, nor did we find differences between the outcomes of surviving children who had siblings and those who had none. Thus, these variables were not considered further in the analyses. History of radiation was chosen over radiation group because preliminary analyses suggested potential association with some outcome variables.
Preliminary analyses set the stage for conducting linear mixed model analyses, with a compound symmetry covariance structure, for examining the longitudinal effect of time (Hypothesis 1a) along with the effects of clinical factors: history of Radiation (Hypothesis 2a), time since diagnosis (Hypothesis 2b); child's characteristics: age at HPCT (Hypothesis 3a); and family factors: maternal age, maternal depression, and family cohesion (Hypothesis 3b), on FIQ, VIQ, PIQ, FD, and PS. If there was a time effect, linear contrast analysis was conducted also for comparisons across time.
If maternal age had a significant effect on cognitive outcomes and if there was also a significant effect of child's age, we tested mother's age for a mediation effect (Hypothesis 3c). Thus, child's age was modeled along with maternal age for the specific outcome variable. Maternal depression scores were fit into a regression model and tested for a moderation effect after we found that maternal depression had a significant interaction with time (Hypothesis 3d). To examine the effects of potential predictors on reading, spelling, arithmetic, and VMI scores 2 years post-HPCT, we conducted generalized linear regression analyses for each outcome variable (Hypotheses 2a, b and 3a, b).
To determine clinical significance, effect size was calculated. An effect size of .5 corresponds to a minimal perceptible difference and hence could be considered of clinical significance (Norman, Sloan, & Wyrwich, 2003) . As well, percentage of participants who scored one standard deviation below the mean of cognitive outcomes was also calculated at pre-HPCT, 1 and 2 years post-HPCT.
Results
Preliminary Analyses
Except for child's age (M ¼ 9.09, SD ¼ 4.16; M ¼ 6.66, SD ¼ 5.14, p < .01) and mother's age (M ¼ 37.51, SD ¼ 5.69; M ¼ 33.40, SD ¼ 5.74, p < .01), both older for the participants, there were no significant differences in demographic variables between consenting participants and nonparticipants. In terms of the clinical variables, there were no significant differences in the clinical variables between the two groups, except that there were more nonparticipants with a history of cranial radiation than were participants (w 2 = 6.88, p ¼ .03 To determine further the clinical significance of the scores we examined the frequency distribution of scores that were less than or equal to one standard deviation from the mean of a 100 at pre-HPCT, 1 and 2 years post-HPCT. At pre-HPCT the percentage of children whose scores were 85 was 13, 16, and 16%, for FIQ, VIQ, and PIQ scores, respectively. This percentage remained approximately the same for VIQ at 1 year and 2 years post-HPCT and for FIQ score at 1 year post-HPCT. For PIQ, however, the percentage of survivors with scores 85 decreased to 7% at 1 year and to 8% at 2 years post-HPCT. The cognitive indices (FD and PS) did not differ from the norm at pre-HPCT and 1 year post-HPCT. At 2 years post-HPCT, however, the mean score of FD was marginally lower than the norm (Z ¼ À1.885, p ¼ .059, ES ¼ .26), but the mean score of processing speed was both statistically and clinically significantly higher than the norm (Z ¼ 3.383, p < .001, ES ¼ .57) (Hypothesis 1a).
Comparisons to Norms
Educational and Perceptual Motor Outcomes
Survivors' mean standard arithmetic score was statistically and clinically significantly below the norm (Z ¼ À3.128, p < .002, ES ¼ .51), but their reading and spelling scores 
Cognitive Outcomes over time and their Potential Predictors
For each cognitive variable we conducted multivariable linear mixed model analyses using time and the covariates (Hypotheses 1b, 2a and b, and 3a and b). These analyses were conducted both with and without the participants who did not complete the follow-up assessments. Because the results of the two analyses were remarkably similar and to ensure that this study represents the HPCT population, we decided to report the analyses that included all available data. For the mean FIQ scores, we used time and the following covariates: child's age; time since diagnosis; history of radiation; mother's age; and maternal depression, in the mixed model analysis. There was no time effect, but, adjusting for the effect of time, there was a significant effect of mother's age [F(1,90) ¼ 5.35, p ¼ .023; 95% CI ¼ 0.088-1.154] (Hypothesis 3b). In general, the mean FIQ score were higher for children who had older mothers at pre-HPCT. There was also an interaction between child's age and time [F(2,49) ¼ 3.53, p ¼ .037; 95% CI ¼ 0.010-1.170 for year 1; and CI ¼ 0.169-1.422 for year 2]. This interaction indicated that older children at transplant had a better score at 1 and at 2 years post-HPCT. Following Baron and Kenny's (1986) criteria for testing mediation, further analysis was conducted to examine the relationship between mother's age and child's age at HPCT on FIQ. Fitting regression of mother's age and child's age we found a significant association between these two variables [F(1,106) ¼ 34.79, p < .0001; 95% CI ¼ 0.443-.891]. In addition, mother's age pre-HPCT modeled with child's age and time were significantly associated with FIQ [F(1,88) ¼ 4.88, p ¼ .0297; CI ¼ 0.067-1.255] (Hypothesis 3c). Thus, mother's age met the three conditions for mediation of the effect of child's age at pre-HPCT on the mean FIQ score over time (there were two causal paths feeding into the FIQ outcome, the direct path of the independent variable, child's age over time, the impact of the third variable, mother's age, as well as a path from child's age and mother's age).
For the mean VIQ scores, using time and the following covariates: history of radiation; diagnosis; child and mother's age; maternal depression; and family cohesion, again, we found no significant time effect.
When adjusting for time, a strong direct effect of mother's age was found [F(1,85) ¼ 9.90, p ¼ .0023; 95% CI ¼ 0.330-1.465]. As with the FIQ score, children with older mothers generally had a higher VIQ score. In addition, an interaction between time and maternal depression was found [F(2,71) ¼ 3.93, p ¼ .0240; 95% CI ¼ À.897 to À.121 for year 1; and CI ¼ À0.767 to À.0324 for year 2] (Hypothesis 3d), suggesting that maternal depression moderated the effect of time on the children's VIQ. At pre-HPCT children's VIQ scores were not related to mothers' depression scores; at 1 and 2 years post-HPCT, however, children with higher VIQ had mothers with the lowest depression score.
For the mean PIQ scores, the linear mixed model procedure using time and the following covariates: time since diagnosis; history of radiation; child's age; mother's age; and depression scores, yielded a significant time effect [F(2,77) ¼ 6.96, p ¼ .0017; 95% CI ¼ 1.884-6.489 for year 1; and CI ¼ 3.178-11.627 for year 2] (Hypothesis 1b). Analysis of this effect indicated a statistically and clinically significant improvement from pre-to 1 year post-HPCT (7.7 point increment, Effect size ¼ .53) and from pre-to 1 years post-HPCT (11.27 point increment, Effect size ¼ .70). There was also a significant effect of maternal depression adjusting for time and the other covariates, [F(1,134) ¼ 5.65, p ¼ .0189; 95% CI ¼ À.0793 to À.073], suggesting that in general children whose mothers had a high depression score had a lower PIQ score (Hypothesis 3b). Finally, a marginally significant interaction between radiation history and maternal depression was found [F(1,113) ¼ 3.63, p ¼ .059; 95% CI ¼ À0.0279 to 1.367]. Analysis of this interaction trend indicated that children who received both CRT and TBR, and had mothers with a high depression score, regardless of time, obtained the lowest PIQ score.
Cognitive Indices
No significant time effect was observed with these indices. There was a marginal significant effect of maternal age for FD [F(1,90) ¼ 3.52, p ¼ .058; 95% CI ¼ À0.010 to 0.352]. Adjusting for time, children with higher scores tended to have older mothers. For PS, after adjusting for time, family cohesion was a significant predictor, indicating that higher scores were obtained by children from cohesive families [F(1,62) ¼ 5.16, p ¼ .0266; 95% CI ¼ À16.795 to À1.074) (Hypothesis 3b).
Potential Predictors of Perceptual Motor and Educational Outcomes
The generalized linear regression analysis of the VMI and educational outcomes at 2 years post-HPCT included the following variables: history of radiation; time since diagnosis; child's age; mother's age; and depression score. Adjusting for child's and mother's age, maternal depression was a significant predictor for the VMI outcome [F(1,34 
Discussion
The findings of this study present a comprehensive and positive picture of global and specific cognitive outcomes of HPCT longitudinally, perceptual motor skills and educational outcomes 2 years after transplant, and factors related to these outcomes.
Changes over time and Comparison to the Norms
As expected (Hypothesis 1b), no significant changes in full IQ, verbal IQ, or specific cognitive indices of Freedom from Distractibility and Processing Speed were found overtime. Contrary to prediction, however, survivors' performance IQ significantly improved at one and 2 years post-HPCT, compared to pre-HPCT, with the percentage of survivors who obtained a score of 1SD below the norm dropping from 16% at pre-HPCT to only a 7 and 8%. The improvements in PIQ is consistent with Cool's (1996) results 1 year posttransplant, whereas the lack of absolute change in FIQ and VIQ scores is consistent with Phipps' et al. (2000) .
Moreover, contrary to expectations (Hypothesis 1a), the PIQ and the specific cognitive index of Processing Speed were markedly higher than normative values at the follow up assessments. The fact that by 2 years post-HPCT survivors' health had improved, allowing them to focus better on the task at hand may account partially for these results. As well, since the performance scale of the Wechsler test is ''more dependent on the child's immediate problem-solving ability'' (Sattler, 1988; p. 172) , the improvement in the PIQ scores, may also reflect the nature of the scale. It is possible, however, that this improvement reflects greater use of video games during the convalescence period.
In contrast, and contrary to expectations (Hypothesis 1a), arithmetic scores and perceptual motor scores at 2 years post-HPCT were significantly below the population norms. Numerical operations and perceptual motor skills are typically learned in the first years of school and form the basis for more complex learning of mathematics and writing. This finding is consistent with previously reported deficits in arithmetic in survivors of leukemia or CNS tumors (Barrera, Shaw, Speechley, Maunsell, & Pogany, 2005; Kaemingk, Carey, Moore, Herzer, & Hutter, 2004; Peckham, Meadows, Bartel, & Marrero, 1988) , and therefore requires further investigation.
Relationships Among Clinical Factors, Child Characteristics, and Family Factors
Family factors and child characteristics appeared to have greater impact on the outcomes than clinical factors. Time since diagnosis was the only clinical factor that had a direct effect on educational (reading and arithmetic scores) and visual motor outcomes, but not on cognitive outcomes (Hypothesis 2b). This finding suggests that being ill for a prolonged period of time before transplant has a negative effect on learning but not on the overall cognitive skills. Although we found no major effect of combined CRT and TBR on any of the outcomes, a marginal but important relationship was found between combined CRT and TBR and maternal depression scores with the PIQ scores (Hypothesis 3d). Thus, it appears that having had CRT and TBR may impact negatively on survivors' PIQ if maternal depression scores were high. The potential effect of cranial radiation on the outcomes of survivors of pediatric HPCT has been previously inconsistent (Cool, 1996; McGuire et al., 1991; Phipps et al., 2000) . In depth analysis of pre-HPCT data indicates that 55% of the children who did not continue in the study had TBR and CRT, whereas of the participants who remained in the study, 94% did not have radiation, suggesting that high mortality but not morbidity, (measured by cognitive, educational, and perceptual motor outcomes) was directly related to history of radiation.
As hypothesized (Hypothesis 3a) and consistent with previous findings (Cool, 1996; Kramer et al., 1997; McGuire et al., 1991; Phipps et al., 2000) , older children at transplant had a better FIQ score in general and better reading and spelling scores 2 years post-HPCT, highlighting the importance of normal cognitive development and learning during the early years of life. However, this age effect on FIQ was mediated by maternal age (Hypothesis 3c), a finding not previously reported with this population. Maternal age had a direct effect on VIQ and freedom from distractibility scores (Hypothesis 3b), regardless of the child's age, with children with high scores having older mothers. As with the general population (Culp, Osofsky, & O'Brien, 1996; Lacroix, Pomerleau, & Malcuit, 2002 ) the effect of mother's age stresses the importance of the caregiver environment and suggests that older mothers may have greater maturity and experiences, as well as financial stability, to provide a stimulating environment and learning strategies for their surviving children than younger mothers. Unlike in the general population, the relationships between children's cognitive development and maternal age did not seem to be confounded by socio-economic status, reflecting the socialized medicine of the health care system for the current sample.
Two other family factors seem to influence cognitive and perceptual motor outcomes: maternal depression and family cohesion. Maternal depression had a direct negative effect on PIQ and VMI scores at 2 years post-HPCT (Hypothesis 3b), moderated the time effect for VIQ scores (Hypothesis 3d), and possibly the effect of history of radiation on PIQ. The importance of maternal health on the cognitive outcomes of these survivors is consistent with cognitive outcomes of healthy children who had clinically depressed mothers (Hay et al., 2001) . Finally, confirming the importance of the caretaking environment found in preliminary findings (Barrera et al., 2000) , family cohesion contributed to better outcomes for HPCT survivors when the task required relative speed, shortterm memory, and sustained attention.
Missing or having incomplete data is not unusual in longitudinal research with this medically vulnerable population faced with poor health, many stressors, and high mortality rates (Phipps et al., 2000) . The lack of a comparison group is also a limitation in this study. On the other hand, the outcomes from this comprehensive longitudinal study seem to be conservative and valid. Lack of educational data at admission and at 1 year prevented us from comparing these outcomes over time, though a previous study found no differences in educational scores between baseline and 1 or 3 years posttransplant (Phipps et al., 2000) . Sample self-selection might have biased the results towards those individuals who were healthier at pre-HPCT. Comparisons between patients who had only pre-HPCT and those who completed follow up indicated that those who had only pre-HPCT had lower IQ scores. By including all available participants at each assessment the potential for selection bias was likely reduced.
In conclusion, this study shows that in general, survivors of pediatric HPCT do well cognitively and improve over time in performance IQ, but do less well educationally and in terms of perceptual motor skills. Thus, it appears that the mechanisms involved in performing arithmetic operations, and to a lesser extent perceptual motor skills, appear somewhat impacted by the HPCT experience. Considering the conceptual model, this study illustrates the complex interaction of clinical, child and family factors for cognitive, educational, and perceptual motor development, after pediatric HPCT. Clinical variables seem to determine whether or not patients will survive 2 years after HPCT but have little effect on these outcomes. In contrast, family variables, maternal age and depression and family cohesion, seem to have the most impact on these outcomes. Finally, this study identifies critical factors for developing family focused psycho-educational interventions for at risk children who undergo aggressive treatment procedures such as HPCT.
